ABSTRACT
INTRODUCTION
Piroxicam belongs to the oxicam class of Non-steroidal anti-inflammatory drug (NSAID) used in the treatment of rheumatoid arthritis, osteoarthritis, alkalosing spandylitis and acute gout. 1, 2 It is proposed as a Biopharmaceutical Classification System (BCS) class II drug with low solubility (pKa 6.3) and high permeability. 3 Administration of piroxicam by traditional methods (orally or intramuscularly) resulted in severe side effects and toxicity like nausea, vomiting, dyspepsia, epigastric pain, gastrointestinal ulceration and higher risk of renal failure or bleeding. 4, 5 As opposed to the traditional methods, transdermal and/ or topical drug delivery system possesses several advantages such as protection from gastrointestinal enzymatic degradation, bypass of hepatic first-pass metabolism and lower risk of systemic side effects. 6 Therefore, this study was designed so as to obtain a safe and effective therapeutic outcome by developing a suitable carrier for the topical delivery of piroxicam. The main obstacle of delivery of drug through topical route is the permeation of drug through skin stratum corneum. There are several strategies such as the use of vesicular formulation as a delivery vehicle, use of penetration enhancers (Chemical approach) and physical methods (Like: iontophoresis, sonophoresis, etc.) have been reported earlier. [7] [8] [9] [10] [11] [12] [13] Unfortunately, the physical and chemical methods are expensive and may cause skin irritation. Nanoparticles composed of lipid materials such as wax or fats seem attractive carrier system for the transdermal delivery of drug.
14,15 They have several advantages over traditional method of transdermal drug delivery. Nanoparticles made of solid lipid display unique benefits in drug delivery and produce various desirable effects. They moisten the skin through occlusion by providing skin hydration. 16 Solid lipid nanoparticles (SLNs) are suitable for use as damaged or inflamed skin as they are made up of physiological and biodegradable lipids that are non-irritant and non-toxic. Several studies reported the favourable incorporation of drugs into SLN and its advantages as a colloidal carrier system.
17-19
In the present study, SLN was selected as delivery carrier for delivering piroxicam through topical route. The present work was designed mainly with the aim of formulating, evaluating and consequently screening piroxicam incorporated SLNs for the possibility of any anti-inflammatory efficacy when applied by the topical route of drug delivery.
MATERIALS AND METHODS
Piroxicam was procured as a gift sample from Alkem Laboratories, Sikkim, India. Phospholipon 80 was obtained as gift sample from Lipoid, Ludwigshafen, Germany. Stearic acid and Pluronic F68 were bought from Himedia Chemicals, Mumbai, India. All reagents and chemicals used in this study were of analytical grade and used as received without additional purification.
Fabrication of Piroxicam loaded SLNs
Piroxicam loaded SLNs were developed by high-speed homogenization followed by ultrasonication technique. The composition of piroxicam loaded SLNs is presented in Table 1 . In brief, accurate weighed amounts of piroxicam and surfactants were dissolved in 10 mL of methanol. On the other hand, exact amount of lipid was taken in 10 ml of acetone and stirred for 5 min. Both the mixtures were maintained at the same temperature (60ºC). After thermal treatment, both of these were admixed. The mixture was then sonicated for 15 min using a probe sonicator (Ultrasonic Processor, Hielscher, Germany). This solution constituted the organic phase. In another beaker, weighed quantity of surfactant was dissolved in 25 mL of distilled water and heated at 60ºC. This solution constituted the aqueous phase. Both organic and aqueous phases were mixed together and homogenized by high-speed homogenizer (Ultra Turrax® T 25, Janke and Kunkle GmbH, Germany) at 15000 rpm for 8 min. The homogenized solution was sonicated for 20 min to prevent agglomeration of smaller-size particles. The obtained formulation was stirred using magnetic stirrer (Remi, Mumbai, India) for 30 min, filtered through 0.2 µm Whatman filter paper and centrifuged at 20,000 rpm for 20 min (Remi Instruments, India). The residue was collected while discarding the supernatant and collected sediment was further lyophilized to obtain its free-flowing powder form.
Characterization of SLNs

Particle size and zeta potential analysis
Particle-size analysis of piroxicam SLNs was performed by dynamic light scattering (DLS) method using a Malvern Zetasizer Nano ZS (Malvern Instruments, UK). DLS yielded mean particle size and polydispersity index (PDI), which measures the width of size dispersion. The particle size and PDI of the samples were investigated by calculating average of 10 measurements at an angle of 90ºC in 10 mm diameter disposable plastic cell at 25ºC. Before measurement, the samples were diluted in distilled water to yield a suitable scattering intensity. Zeta potential determination of piroxicam SLNs was done by the same Malvern Zetasizer Nano ZS (Malvern Instruments, UK). The measurements were carried out in distilled water adapted to 50 mS/cm conductivity with sodium chloride solution (0.9% w/v) and field strength was applied 20 V/cm. During measurement the pH range was 5.5 -6.0. Instrumental zeta potential was determined using the Helmholtz-Smoulchowsky equation.
Electron microscopic analysis
Both Scanning electron microscopy (SEM) and Transmission electron microscopy (TEM) were done to directly observe the piroxicam loaded SLNs. These techniques provide particle specifics such as surface topography and external morphology of the samples. TEM has a small size limit of detection as compared to SEM. Samples were sent to the North Eastern Hill University, Shillong, India for TEM while SEM analysis of the samples were done in Oil India Limited, Duliajan, Assam, India.
Drug loading and entrapment efficiency
Drug loading and entrapment efficiency of piroxicam SLNs were adjudged by the centrifugation technique. 20 1 ml of centrifuged SLN sediment (As mentioned in the SLN preparation method) was taken and diluted with acetonitrile. The diluted sample was analysed by UV-Visible spectrophotometer (UV-1700, Shimadzu, Tokyo, Japan) at λ max of 230 nm. The drug loading and entrapment efficiency of piroxicam in SLNs were calculated according to following equations: determined
In vitro Drug Release Study
In vitro release study of piroxicam SLNs was studied using the Franz diffusion apparatus method. Typically, 1 mL of the centrifuged SLN sediment (As mentioned in the SLN preparation method) was placed on the dialysis membrane having a molecular weight cutoff: 10,000 -12,000 (HiMedia, Mumbai, India). The membrane was adjusted between the donor and receptor sections of the diffusion apparatus which was then filled with 200 mL phosphate buffer, pH 5.8, which served as the release medium. The release medium was stirred at 175 rpm in a magnetic stirrer (Remi, Mumbai, India) and the temperature was kept at 37 ± 0.5ºC during the experimental procedure. At specific time intervals, 1 mL of aliquot was withdrawn and reinstated with equal volume of fresh buffer to preserve the sink condition. Aliquots were diluted suitably with acetonitrile and the quantity of piroxicam contained in the samples was evaluated using a UV-Visible spectrophotometer (UV-1700, Shimadzu, Tokyo, Japan) at? max of 230 nm. The release of individual SLN formulations was done in triplicate.
Drug Release Kinetics
The in vitro drug release pattern from piroxicam SLNs was predicted by applying the drug release data to different release kinetic models like: zero-order, first-order, Higuchi, Korsmeyer-Peppas and Hixson-Crowell. For each release kinetics model, the values of R 2 (Correlation coefficient) and n (Release exponent of KorsmeyerPeppas kinetics), K (Rate constant) and SSR (Sum of squared residual) were determined for each formulation and all the models and the possible methods of drug release were identified.
Optimization of Suitable SLN Formulation
Suitable formulation from amongst the prepared piroxicam SLN formulations was selected, based on their optimum particle size and zeta potential, high drug loading, entrapment efficiency and better in vitro drug release properties. The optimized formulation was further scrutinized and used for additional studies.
Incorporation of Piroxicam-loaded SLN into Gel System
Gel containing appropriate formulation of piroxicam SLN and pure piroxicam were made by using 0.5% w/v of carbopol 934P as gel forming polymer. Firstly, gel was prepared by diffusing carbopol 934P in distilled water containing glycerol (10%) and kept for saturation for 3 h. Lyophilized piroxicam-loaded SLN was admixed with aqueous carbopl 934P dispersion under controlled stirring using a magnetic stirrer (Remi, Mumbai, India) to obtain uniform and smooth dispersion containing a final concentration of 20% w/w piroxicam-loaded SLN. The pH of the piroxicam-loaded SLN enriched gel was adjusted to 6.0 using sufficient quantity of triethanolamine. Piroxicam conventional gel was prepared in similar process and was used as reference during efficacy evaluation.
Evaluation of Piroxicam SLN gel system Appearance
Organoleptic properties like color, odor, phase separation and gel capacity to be washed out were visually observed in the SLN gel formulation.
Physicochemical properties
pH of piroxicam SLN gel was evaluated using a digital pH meter (Model-355, Systronic, India). The viscosity and rheological properties of the water based piroxicam SLN gels as compared to prepared conventional gel was determined using a Brookefield viscometer (Brookfield Engineering Laboratories, USA) with spindle no. 6 at 10 rpm. All measurements were performed at a temperature of 37 ± 0.5ºC.
Skin Irritation
A small quantity of the prepared SLN gel was applied on the skin and evaluated for its easy removal after 1 min. This was done to observe the presence of rough or granular surface particles and examine the skin for any sign/symptoms of irritation.
Drug-excipient interaction study
Fourier transform infrared spectra (FTIR) spectroscopy FTIR spectra was evaluated to check the compatibility of the drug with formulation excipients and to ensure proper entrapment of drug in formulation. The FTIR spectra was recorded using an FTIR spectrophotometer (Shimadzu, Tokyo, Japan; Model: 8400) in between the range of 600-4000 cm -1 using KBr discs to recognize the variations in the characteristic peaks of individual drug piroxicam and piroxicam loaded SLN formulations. Pure drug was pulverized with dried potassium bromide. This mixture was then pressed in a hydraulic press to form a transparent pellet and the pellet FTIR spectrum was measured. To observe the spectra of the piroxicam SLN gel, a drop of sample (Around 5-50µL) was spread on the plate and the IR spectrum was recorded. Distinctive functional groups present in each sample was identified and compared to check for specific drug excipient interactions.
Differential Scanning Calorimetry (DSC)
Thermal behaviour of pure piroxicam drug and piroxicam-loaded SLNs was analysed using a differential scanning calorimeter (Perkin Elmer, USA). Approximately 10 mg of sample was placed in aluminium crimp cells and heated at the scanning rate of 10ºC/min from 30 to 400º C in a nitrogen atmosphere. Aluminium oxide was used as the reference material to calibrate the temperature and energy scale of the DSC instrument.
In vitro Permeation Study
The in vitro permeation study of piroxicam SLN gels was done using pig ear epidermal skin obtained from the local slaughter house. The subcutaneous fat on the skin was removed and soaked in 2M sodium bromide solution for 36 h. The pig ear epidermis was peeled from the dermis, washed with double distilled water and used for further study. The isolated epidermis was mounted carefully across the donor and receptor sections in Franz Diffusion cell with the epidermal side up and an effective diffusion area of 3.8 cm.
2 The receptor section remained filled with 50 mL of phosphate buffer (pH 5.8) and was maintained at 37 ± 0.5ºC with stirring at 600 rpm. The skin membranes were calibrated for 30 min before placing gel into donor compartment. Then 1 g of piroxicam SLN gel and conventional gel were placed individually in the donor section of the diffusion cell. Sampling was done at predetermined intervals. At specific points, 2.5 ml aliquots were withdrawn from the receptor section and immediately an equal volume of receptor fluid was replaced in it. Piroxicam concentration in withdrawn sample was analysed spectrophotometrically using a UV-Visible spectrophotometer at max 260 nm. The permeation of both gels were carried out in triplicate.
Permeation Data Analysis
The permeation profile of piroxicam from piroxicam loaded SLN gel and conventional gel was made by plotting the cumulative amount of piroxicam permeated per unit pig skin epidermis area (µg/cm Wistar rats (Rattus norvegicus) were used as experimental animals. All animal experiments complied with the ARRIVE guidelines 12 and were carried out in accordance with the U.K. Animals (Scientific Procedures) Act 1986 and associated guidelines. They were used as per the guidelines of the Institutional Animal Ethics Committee of the Department of Pharmaceutical Sciences, Dibrugarh University, Assam, India (Regd No. 1576/ GO/a/11/CPCSEA, Dated: 17/02/2012) under the approval number: IAEC/DU/95. All applicable international, national and/or institutional guidelines for the care and use of animals were followed. The in vivo anti-inflammatory potential of formulated piroxicam SLN gel was evaluated by the carrageenen induced paw edema method using Wistar albino rats as the experimental animals. Animal care and handling throughout the experimental procedure were carried out in accordance with the CPSEA guidelines. The rats were acclimatized at the commencement of the study and were divided into four groups (n=6) as follows: Group 1: Normal saline (control) Group 2: Carrageenan and normal saline (toxicant) Group 3: Piroxicam conventional gel (standard) Group 4: Piroxicam loaded SLN gel (test) For the paw edema study, a digital plethysmometer was used to measure the volume of the rat paw (in ml). The plethysmometer was designed so as to measure small changes in volume. The rats were marked on the left hind paw at a specific position. Every now and then, the paw was dipped to that fixed mark in an electrolyte fluid so that every time the paw is dipped in the electrolyte fluid, it would be dipped to that fixed mark which would assure constant paw volume. The original paw volume of the rats were measured and noted. Paw edema was induced in the rats using freshly prepared 1% carrageenan saline solution. 0.1ml of prepared carrageenen solution was injected into the plantar region of the left hind paw of the rats. After the induction of edema, the enlarged paw volumes were noted. Prepared free drug gel as well as SLN gel formulation were applied to the third and fourth groups. Readings of the paw volume were then taken after 1, 2, 4, 8, 10 and 24 h of time intervals using the plethysmometer. The percentage edema rate and percentage edema inhibition rate were calculated using following equations: % Edema rate = V t V 0 / V 0 ×100 % %Edema inhibition rate= E S E t /E S ×100. Here, V0 and V t indicate mean paw volume before and after carrageenan injection (mL), respectively, E S and E t indicate the edema rate of standard group and test group, respectively.
Statistical Analysis
All data were presented as Mean ± Standard deviation (S.D). Statistical analysis was carried out by one way analysis of variance (ANOVA) by utilizing the two-tailed paired 't' test (GraphPad InStat Demo Version). P values <0.05 were considered to be statistically significant.
RESULTS AND DISCUSSION
Fabrication of Piroxicam SLNs
Formulation of piroxicam SLNs was done by highspeed homogenization and ultrasonication technique. Formulation compositions are presented in Table 1 . In particular, application of homogenization method resulted in the formation of unstable dispersion with broad dimensional distribution. Conversely, application of homogenization followed by sonication resulted in a stable and homogenous formulation which was free from aggregation. Stearic acid was used as lipid matrix for the fabrication of piroxicam SLNs. Pluronic F68 and phospholipon 80 were used as surfactant and cosurfactant respectively. Varied proportions of the lipid matrix and pluronic F68 were utilized to constitute the SLNs. The fabricated piroxicam loaded SLNs were subjected to different characterization.
Characterization of Piroxicam Loaded SLN
Particle size and zeta potential
Particle size and zeta potential data of piroxicam SLNs are depicted in Table 2 . The particle size of piroxicam SLNs was found in the range of 136.0 ± 15.6 nm to 279.1 ± 21.3 nm. It was clear from Table 2 that the particle size decreased with increasing concentration of Pluronic F68 in piroxicam loaded SLN formulations. The increasing of pluronic F68 content in SLN formulations could decrease the interfacial tension between lipid matrix and the dispersion medium (Aqueous phase), consequently favour the formation of SLNs with smaller particle size. 21 The particle size was increased upon increasing the amount of stearic acid in the SLN formulations. The polydispersity index (PDI) of piroxicam SLNs was found to be within an acceptable range of 0.206 ± 0.091 to 0.479 ± 0.045. Lower PDI values of formulations are considered better as they indicate the formation of uniform particles. Optimum concentrations of Pluronic F68 and stearic acid are relevant as the PDI of SLNs were found to increase with increasing lipid and surfactant concentrations. Zeta potential is a potential parameter to access the stability of SLN dispersion. 22 The zeta potential of piroxicam SLNs was found in the range of -14.5 ± 2.7 mV to -27.5 ± 1.9 mV. Generally, particles are considered stable when the zeta potential of colloidal dispersed particles above 30 mV and this is due to electrostatic repulsion between particles. 23 The zeta potential values of SLNs revealed the stability of the formulated piroxicam SLNs. Values of zeta potential were found to increase with increased Pluronic F68 content in SLNs whereas increased stearic acid content reduced the zeta potential of formulated SLNs. 
Drug Loading and Entrapment Efficiency
The drug loading and entrapment efficiency data of piroxicam SLNs are shown in Table 2 . The drug loading and entrapment efficiency of piroxicam SLN was found in the range of 0.437 ± 0.08% to 0.649 ± 0.09% and 50.9 ± 1.77% to 74.0 ± 1.35%, respectively. The concentration of Pluronic F68 and stearic acid might have played crucial roles in improving piroxicam incorporation in the SLNs. The entrapment of piroxicam in SLNs was increased when both Pluronic F68 and stearic acid are increased. Pluronic F68 also contributes towards increasing the solubility of Piroxicam within the lipid matrix. The enhanced entrapment efficiency of piroxicam in SLN upon addition of stearic acid could be due increasing the amount of available lipid matrix for incorporation of piroxicam.
In vitro Drug Release and Release Kinetic Study
The in vitro release profile of piroxicam from different SLNs are shown in Figures 3. The percentage of piroxicam release from formulations varied from 44.6 ± 1.286% to 81.70 ± 1.02% within 24 h of release study. The in vitro release profile revealed a faster release at the initial stage followed by prolonged release. Such a release can be advantageous as it provides the initial therapeutic concentration of the drug which provides faster relief after dermal application. However, the sustained release effect as shown in release pattern may provide the drug over a prolonged period of time. The initial faster release can be explained by the enrichment of piroxicam at outer surface of SLN and the prolonged release can be due to slower diffusion of piroxicam from the solid matrix of SLN.
Drug Release Kinetics
The obtained SLN release data were fitted with the Zero order, First order, Higuchi, Hixson Crowell and Korsmeyer Peppas kinetic drug release models ( Table 3) . The best fit with the highest regression coefficient was found in case of the Korsmeyer Peppas model while the drug was also found to show zero order model release. Zero order release indicates the release from systems which is not dependent of the amount of substances present. In case of Korsmeyer Peppas models, the diffusion exponent "n" in all the cases has been found to be as follows: 0.5< n < 1.0 where n is the diffusion exponent; which indicates drug release from the prepared SLN dispersion is found to follow Anomalous (Non Fickian) diffusion mechanism.
Optimization of Piroxicam Loaded SLN Gel System
On the basis of optimized values obtained from particle size, drug entrapment and release studies, the piroxicam SLN formulation F2 (Containing 1.00% Stearic acid and 1.50 % Pluronic F-68) was chosen for further study. For topical delivery, the SLNs were lyophilized and incorporated into carbopol 934P gel system.
Evaluation of Piroxicam SLN Gel System
Appearance: Piroxicam loaded SLN incorporated gel was found to be clear and smooth in texture, translucent and showed homogenous consistency.
Physicochemical parameters
Optimum pH and viscosity values of the SLN gel was obtained which was adequate for topical cutaneous administration as shown in Table 4 . The viscosity measurement studies of the prepared SLN gel was performed by Brookfield rheometer as shown in Figures 4. The SLN dispersions generally possessed a lipid matrix of 10-20% and 90-80% water because of which they were less visco-elastic by nature. The rheological properties of topical formulations influences its spreadability and contact time on the skin surface. The thixotropic nature of the gel (Figures 4) was confirmed from the curve obtained from rheological studies. The obtained curves affirm that the gel is effectively viscous in nature and the effect of shear rate on its viscosity can be observed.
Skin irritation
The optimized SLN gel formulation produced no signs of skin irritation (Table 4) or toxicity in experimental animals and was hence, considered to be acceptable for topical application. ) were found to be missing which might be an indication of proper entrapment of the drug within the lipid matrix. (Figures 6B) showed an undistinct peak at 53.21°C (onset time) and it might be due to the melting of stearic acid which has a melting point of around 54-58°C. 24 Also, the formulation was in a gel, i.e, liquid form already, which might have been a reason for its low melting point. In the DSC thermogram of the SLN formulation, the drug peak was not clearly observed thereby indicating its entrapment within the lipid matrix of the formulation.
Drug-Excipient Interaction Study
Permeation of Piroxicam Loaded SLN Gel and Permeation Data Analysis
The permeation profile of piroxicam from SLN gel and prepared free drug gel are presented in Figures 7 . It depicted the steady increase of piroxicam permeation across the pig ear epidermis with time. As expected, piroxicam SLN gel was found to show better permeation as compared to the conventional gel formulation. Piroxicam SLN gel showed an initial lag phase during permeation. The release of piroxicam from SLN gel occurred in two-phases: initially, piroxicam entrapped within the lipid matrix is unleashed into gel formulations and secondly, piroxicam is released from the gel to the dermal surface. The SLN gel possessed sustained drug release over a period of 24 h. The slower release of the drug from the gel formulation maintained the drug concentration over a extended period of time. The permeability parameters of piroxicam SLN gel and conventional piroxicam gel are given in Table 4 . Parameters such as steady-state flux (Jss) and permeability coefficient (Kp) were significantly (p<0.05) increased in the SLN gel compared to the conventional gel formulation. The permeability of piroxicam from SLNs was enhanced 1.1 times compared to conventional free drug gel. This indicates that the SLN gel can not only improve the permeation of piroxicam but can also improve its release rate. This indicates the suitability of SLN gel for the topical and/or dermal delivery of piroxicam. The enhancement of permeation and release rate of piroxicam might be the occlusive property of the lipid film formed on the skin surface. They decrease the trans epidermal water loss thereby enhancing piroxicam penetration across the membrane with increased hydration. The effect of surfactant might be another reason for enhancing permeation and release rate of piroxicam through skin. It is well known that surfactants have predominant effect on the permeability of drug through biological membranes. The surfactant may permeate into the intracellular regions of stratum corneum and increase their fluidity, eventually solubilizing and extracting the lipid components. by piroxicam conventional gel was 5.49 ± 0.282% after 1 hr of topical application. However, percentage edema inhibition after 1 hr on topical application of piroxicam SLN gel was found to be 20.49 ± 0.543% After 24 h of application, the percentage edema inhibition by piroxicam conventional gel and piroxicam SLN gel were found to be 20.08 ± 0.234% and 30.82 ± 0.237% respectively. This indicates that edema inhibition by piroxicam SLN gel was comparatively more and differed significantly (p < 0.05) compared to edema inhibition by piroxicam conventional gel. This might be due to the impressive release pattern of piroxicam from SLN. The fact that piroxicam SLN gel was successful in inhibition of paw edema to an extent greater than that of the piroxicam conventional gel study revealed the applicability and/or effectiveness of the piroxicam SLN gel system for the treatment of arthritic pain and inflammation.
CONCLUSION
Our study demonstrated the successful preparation of piroxicam incorporated SLNs by high speed homogenization and ultrasonication. The formulated SLNs were subjected to several characteristic evaluations. Evaluation parameters revealed that the percentage of lipid and surfactant have significant (p<0.05) effects on the particle size, drug loading, entrapment efficiency and in vitro release of piroxicam from the SLN formulation. SLN formulation F2 was the most effective formulation with optimum particle size, high entrapment efficiency and improved release profile. The in vitro permeation study indicated revealed sustained permeation of piroxicam from the SLN gel and maintained drug concentration over a prolonged period of time. The permeation parameters indicated the enhancement of piroxicam permeation from SLN gel as compared to conventional gel. Piroxicam loaded SLN formulation was revealed to have local as well as systemic effects as studied by the in vivo anti-inflammatory study. Additionally, topical application of piroxicam SLN gel will be an advantage thereby reducing the gastrointestinal side effects associated with its oral administration. The results depict that the topical application of piroxicam SLN gel system is an effective and safe alternative to the conventional gel and oral formulation for the possible management of inflammatory pain and irritation associated with osteoarthritis, rheumatoid arthritis, edema etc.
• Solid lipid nanoparticles are an emerging drug delivery trend in the recent times. Our experiments have proved the potentiality and appropriateness of piroxicam loaded SLN gel system in treating inflammatory pain and irritation symptoms when delivered topically.
